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Overview of Presentation
Monitoring Design: why it was selected, how it is used, and
products produced

*Second year source identification sampling

*Strengths and weaknesses of using probabilistic monitoring




Goal of Indiana’s Water Quality Standards

State’s Goal: “... to restore and maintain the chemical,
physical, and biological integrity of the waters of the
State.” 327 IAC 2-1-1.5

*Historically, targeted sites related to point source pollution

*Shift to non-point source pollution & ALL waters of the state




Probabilistic Monitoring Design
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Probabilistic Monitoring Design

*USEPA Western Ecology Division
generated probabilistic site locations

Site Reconnaissance (Feb.-April)
—Topographic Maps

—Brochures

—Contact Landowner

—Site Accessibility & Equipment

—Enter Recon data

Data Collected:

—Water, Nutrient, and Bacteriological Samples
For Laboratory Analysis

—Macroinvertebrate Community Assessments
—Fish Community Assessments

—Habitat Assessments



Water Chemistry, Nutrients, & FE.coli

*Grab water samples and nutrients collected spring,

summer, and fall (USGS contract)

*Chemistry Parameters

Priority Metals|Physical/Anions|Nutrients/Organic
Arsenic Alkalinity TKN
Calcium Total Solids Ammonia-N

Cadmium Suspended Solids Nitrate+Nitrite-N
Chromium Dissolved Solids Total Phosphorus
Copper Sulfate TOC
Lead Chloride Cyanide-Total
Magnesium Hardness Cyanide-Free
Mercury COD
Nickel
Selenium
Zinc




Water Chemistry, Nutrients, & FE.coli

*Hydrolab data collected
during each sampling
event:

—D.O., pH, Conductivity, Water
temperature, Turbidity

Nutrients:

—Chlorophyll A in
phytoplankton and periphyton
samples, ash-free dry mass in
periphyton samples

*E.coli:

—each site sampled once each
week for 5 consecutive weeks



Macroinvertebrate Community Assessments
*KICK sample | AR W
*Hester-Dendy

*Laboratory Processing

mIBI: 10 metrics (range = 0-8)
—1. Family level HBI

—2. Number of taxa

—3. Number of individuals

—4. Percent dominant taxa

—S5. EPT Index

—6. EPT Count

—7. EPT count to total number of
individuals

—8. EPT Count to Chironomid Count
-9, Chironomid Count

—10. Total number of individuals to
number of squares sorted



Fish Communltv Assessments

-15 x the Wetted stream width |
(backpack, totebarge, boat electrofishing)

*All stream sizes included
*Species Level Identification
IBI: 12 metrics (range 6-60)

—1. # species

—2. # darter species/ #dms species
—3. % headwater ind./ # sunfish sp.
—4. # minnow sp./ # sucker sp.

—S. # sensitive sp.

—6. % tolerant ind.

—7. % omnivore ind.

—8. % insectivore ind.

—9. % pioneer ind./% carnivore ind.
—10. Total # ind.

—11. % simple lithophils

—12. % DELT anomalies




Qualitative Habitat Evaluations (QHEI)

1. Substrate

2. Instream Cover

3. Channel
Morphology

4. Riparian Zone &
Bank Erosion

S. Pool/Glide Quality
Riffle/Run Quality

e Gradient
Range 0-100
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Stream Assessments Using Probabilistic Results

1. Any violations chemical or
biological

—For chemical impairment:
Water Quality Standards [327 IAC 2-1-6]

—For biological impairment:

“all waters, except those designated as
limited use, will be capable of supporting a
well-balanced, warm water aquatic
community.”

[327 IAC 2-1-3(2)]

“well-balanced aquatic community” is “an
aquatic community which is diverse in
species composition, contains several
different trophic levels, and is not
composed mainly of strictly pollution
tolerant species”

[327 IAC 2-1-9(49)].

Chironomid Photo by Dale Parker,
AquaTax Consulting

© Garold W. Sneegas

Central stoneroller, Campostoma anomalum



Stream Assessments Using Probabilistic Results

Total IBI Score Integrity Class Attributes

58-60 Excellent Comparable to best condition
present in ecoregion conditions,
exceptional assemblage of species.
48-52 Good Decreased species richness (intolerant
species 1n particular), sensitive species
present. Deviation Minor.

40-44 Fair Intolerant and sensitive species absent,
skewed trophic structure. Deviation
Slight.

28-34 Poor Top carnivores and many expected

species absent or rare, omnivores and
tolerant species dominant. Deviation
Moderate.

12-22 Very Poor Few species and individuals present,
tolerant species dominant, diseased fish
frequent. Deviation severe.

<12 No Fish No fish captured during sampling.
Deviation very severe.
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Stream Assessments Using Probabilistic Results

Photos by Dale Parker, AquaTax Consulting
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Stream Assessments Using Probabilistic Results

1. Any violations chemical
or biological:

—Fish Community: Impaired IBI < 35
—Macroinvertebrate:
Impaired KICK mIBI < 2.2
Impaired Hester-Dendy < 1.4

2. Look for possible
cause/source:

—habitat, type of chemical violation,
likely source

3. How far to apply
impairment:

—tributary influence, land use
characterization, confined
feeding operations, permitted
facilities




Stream Assessments Using Probabilistic Results

1. Any violations chemical or

i 1 INDIANA
blOlOglcal INTEGRATED WATER MONITORING
. AND ASSESSMENT REPORT
2. Look for possible 2002
cause/source i
Rezlecbrgg Section 30%d) List of Impared Wates

3. How far to apply
impairment

4. Refer impaired sites for
Source ID

S. Assess sites for Indiana’s
Integrated Water
Monitoring and
Assessment Report

6. Predict % Miles Attaining
Aquatic Life Use
Technical Reports
Data Requests




Using Probabilistic Results to Predict the Percentage
of Stream Miles Not Attaining Aquatic Life Use

1. “R” software: free software developed by the R Development Core
Team along with many other contributors to allow the exchange of statistical
packages and programming knowledge to anyone with an internet browser
(http://cran.us.r-project.org/).

2. Table compatible with “R” software

3. Example of “R” screen & language
4. Adjust weight function
S. Output from “R”

—Basic Statistics (mean, variance, std.deviation)
—Cumulative distribution of stream miles for a numeric value (i.e. IBI score)

—Percent of stream miles attaining with confidence levels

6. Assessment for River Basin



ﬂ designstatusbio_txt - Hotepad mEE
File Edit Search Help

rBitEID SiteHame County RF3RCHID HAP24K HMAP188K HAP258K Long.dd Lat.dd Stratum HDCaty Weight StrahlerOrder =
OEC0.96 SiteIDF Basin  HUC14Code StrahlerOrder1 StatusB Fish.Community Fish.IBI Hacroinvertebrate

HMacro.IBI Habitat QHEI Overall .Biology Combined.fAssessment T.E

IHREBB1-281 PATOEA R GIBSOH 5128289 3 2.78 Union PRINCETON UIHCEHHES 87.38542

38.37718 6 12 31.471429 Interior River Lowland IHRBO1-281 Patoka 5.12E+12 5

TS I 18 H3 HA I I I A

IHNRBB1-282 PATOEA R DUBOIS 5128289 18 22.53 Cuzco JASPER VIHCEHHES 86.72151 3844116

6 12 31.471429 3 Interior Plateau IHNRBB1-282 Patoka 5.12E+12 3 T3 HI —
42 HS HA NI 62 NI A

INRBB1-283 PIKE 5128289 356 Otwell PRINCETOH UIHCEHHES 87.18332 38.449034

L] 11 L Interior River Lowland IHRB81-283 Patoka 5.12E+12 1 NHT HS HA

HS HA HS HA HS HS

INREBBA1-284 Youngs Creek ORANGE 5128289 43 0@.68 Greenbrier JASPER VUIHCEHHES 86.52804

38.44448 L] 13 22.83 2 Interior Plateau IHRE81-2 a4 Patoka 5.12E+12 2 NHT

HS HA HS HA HS HA HS A

IHNRBB1-28% GIBSOH 5128289 388 Union PRIMCETOH UIHCEHHES 87._45415 38._41468

[ 13 22.082 2 Interior River Lowland INRBG1-285 Patoka 5.12E+12 2 TS I 22

HE HA I L I I

IMRBB1-286 PATOEA R DUBOIS 5126289 18 8.068 Dubois JASPER VUINCEMHES 8685355 3844881

6 12 314714290 L Interior Plateau IMRBB1-286 Patoka G5.12E+12 L TS I

22 Hs HA HI 54 I A

IHNRBB1-287 Cup Creek PIKE 5128289 18 0.688 Uelpen PRIHCETON UIHCEHHES 8712247

38.32717 6 13 22.83 2 Interior River Lowland IHRB®1-287 Patoka 5.12E+12 2 TS

I 3a HI 4 I 44 I A

IHNRBB1-2088 HALL CR DUBOIS 5128289 9 Huntingburg JASPER VIHCEHHES 86.88277 38.35649

6 13 22.83 2 Interior Plateau INRBB1-288 Patoka 5.12E+12 2 TS HI 38

NI .2 I 42 NI NI

INRBB1-289 Honey Creek PIKE 5128289 38 B.88 Dakland City PRINCETOH UIHCEHHES 87.27851
38.27522 L] 11 L Interior River Lowland IHRB81-289 Patoka 5.12E+12 1 TS

NI Y] HS HA NI ¥ I A

INREBB1-218 HALL CR DUBDIS 5128289 9 B.72 Saint Anthony  JASPER VINHCEHHES B6.7B765 38.36508

L] 13 22.83 2 Interior Plateau INREB1-218 Patoka 5.12E+12 2 TS NI 4o

NI .2 I L7 NI NI

IHNRBB1-211 PATOKA R DUBODIS 5120289 6 2.24 Uelpen PRINCETON UIHCEHHES 87 .88374

38._360877 6 12 31471429 Interior River Lowland IHRBO1-211 Patoka GS5.12E+12 &

LD HE HA HE HA HE HE HE A

INRBB1-212 DUBODIS 5128289 296 Huntingburg JASPER VIHCEHHES 86082446 38.308035

6 11 LYy 86 1 Interior River Lowland INRB81-212 Patoka G5.12E+12 1 TS I 16

NS HA I 33 I I

IHNRBB1-213 PIKE 5128289 283 Petersburg PRINCETON UIHCEHHES 87 .25887

38.38355 6 12 31.471429 Interior River Lowland INHRBEB1-213 Patoka 5.12E+12 4

NHT H3 HA H3 HA H3 H3 H3 A

INREG1-214 PATOEA R ORAHGE 5128289 12 21.66 Ualeene JASPER VIHCEHNHES 86.47832 3844104

6 12 31.471429 3 Interior Plateau INRBB1-214 Patoka 5.12E+12 3 T3 HI

4 NI 3 NI LG NI A

INRBB1-215 FLAT CR PIKE 5128289 13 3.4% Otwell PRINCETOH UIHCEHHES 87.9772 38.49348 f |
R Slartl“ 7 W A% @ B |J [3,) Exploring - Biology | =] Microzoft PuwerPuint-[Ind...ll@ designstatusbio txt - ||@%N$ 4:30 P




Using Probabilistic Results to Predict the Percentage
of Stream Miles Not Attaining Aquatic Life Use

1. “R” software: free software developed by the R Development Core
Team along with many other contributors to allow the exchange of statistical
packages and programming knowledge to anyone with an internet browser
(http://cran.us.r-project.org/).

2. Table compatible with “R” software

3. Example of “R” screen & language
4. Adjust weight function
S. Output from “R”

—Basic Statistics (mean, variance, std.deviation)
—Cumulative distribution of stream miles for a numeric value (i.e. IBI score)

—Percent of stream miles attaining with confidence levels

6. Assessment for River Basin



|[F RGui - [R Console] _ =] x|

R File Edt Mizc Packages wWindows Help

EEERRE

=18 %

Version 1.6.2 [2003-01-10)
E iz free software and comwmes with ABSOLUTELY NO WARRANTY.
Tou are welcome to redistribute it under certain conditions.

Type "license(]' or "licence()' for distribution details.

E iz a collaborative project with many contributors.

Type “contributors()' for more information.
Type “demo()' for some demos, “help()' for on-line help, or
"help.start()' for a HTHL browser interface to help.

Type "dgf)' to guit R.
[Previously saved workspace restored]

> {pkg <- =select.list(sort|.packages(all.available = TRUE) )

+ ifinchar(rkyg)) librarvyipky, character.only=TRUE)] }
> # File: RPatokaBio.txt
> # Purpose: 2001 Patoka Riwver Basin population estimates and welght adjustients
* # Programmer: Stacey Sobat (Tony Olsen)
> # Date: March 19, Z003
* # Fead in combined design file and site evaluation file at designstatus
> designstatusbio <- read.delim('designstatusbhio.txt!')
> names (designstatushio)
[1] "SiteID™ "2 itelame" "County™
[4] "RFIRCHID"™ "HMAPZ4E" "MAP100K"™
[7] "HMAPZSO0E"™ "Long.dd™ "Lat.dd"”
[10] "™3tratwm" "HDCaty™ "leight™
[13] "3trahlerOrder™ TOECO, 96 "EiteIDF"
[16] "Easin™ THOC14Code ™ "aitrahlerOrderl”
[19] "StatusE" "Fish.Community™ "Fish.IEBI™
[22] "Macroinwvertebhrate'™ "Macro.IEI™ "Hakbitat™
[25] ™QHEI™ "rrerall .Biology™ Flombined. Assessmwent ™

> # Add equal area ®,v coordinates to he used in variance estimation
* # Note that longitude mwust ke changed to he negative

* Lhp <- marinus(designstatuskbiocilat.dd, -designstatusbioiLong. dd)
Error: couldn't find function "warinus"

> 1
5l

[ |

-

o

|F| 1.6.2 - & Language and Environment

J =] Microgaft PowerPaint - [0... | @ Explaring - Biology ”R HGui - [B Conzole]

Mstant| | 4 BFE 7
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Using Probabilistic Results to Predict the Percentage
of Stream Miles Not Attaining Aquatic Life Use

1. “R” software: free software developed by the R Development Core
Team along with many other contributors to allow the exchange of statistical
packages and programming knowledge to anyone with an internet browser
(http://cran.us.r-project.org/).

2. Table compatible with “R” software
3. Example of “R” screen & language

4. Adjust weight function
S. Output from “R”

—Basic Statistics (mean, variance, std.deviation)
—Cumulative distribution of stream miles for a numeric value (i.e. IBI score)

—Percent of stream miles attaining with confidence levels

6. Assessment for River Basin



[F AGui - ["adjwat.fcn' help]

R Fle Edit ‘Windows

adjwgt.fon package ::psurvey.analysis E Documentation
Adjust Initial Jurvey Design Weights
Description:
Thiz function adjusts initial survey design weights when
implementation results in use of oversawple sites or when it is
desired to hawve final weights sum to a known frame size. Adjusted
welights are egual to initial weight times the frame size divided
by the sum of the initial weights. The adjustmwent is done
separately for each category specified in arcument “wboat'.
Tsage:
adjwgt.fcnisites, wgt, wtcoat, framesize)

Aroquments:

zites: the indicator walue for each site ("T'=include the site and
*F'=do not include the site)

wogt: the initial weight for each =ite
wtocat: the weight adjustment category name for each site
framesize: known size of the frame for each category name in “wtoat',
which wust have the nawes attribute set Co match the nates
used 1in “wtoat!
Value:
L wvector of adjusted weights, where the adjusted weight iz set to
zero for =Sites that have the indicator wvalue in the “=sites!

argument set Lo CF!

Author (=) :

ol

vl

|
Mstant| | 4 BFE 7

J =] Microgaft PowerPaint - [0... | @ Explaring - 38E xample “R BGui - ["adjwgt.fcn’ h.

 RYNFPRE 152rM



Using Probabilistic Results to Predict the Percentage
of Stream Miles Not Attaining Aquatic Life Use

1. “R” software: free software developed by the R Development Core
Team along with many other contributors to allow the exchange of statistical
packages and programming knowledge to anyone with an internet browser
(http://cran.us.r-project.org/).

2. Table compatible with “R” software
3. Example of “R” screen & language
4. Adjust weight function

S. Output from “R”

—Basic Statistics (mean, variance, std.deviation)
—Cumulative distribution of stream miles for a numeric value (i.e. IBI score)
—Percent of stream miles attaining with confidence levels

6. Assessment for River Basin



>, Microsoft Excel - scoressumtot.csy

“ﬁ File Edit Yiew Insert Farmat Toaols Data ‘Window Help _|5’|5|

|0 = ) e u A AT R A N
| avia v 10 - Bfﬂ|§§—|$/,+uu+n+=i__§ e B A
A4 | =|
Al B C D E F G H I J 4]

1 Type Subpopulation Indicator Statistic NSites Estimate.U StdError)  LCB95Pct.U UCB95Pct.U

2 | 1 Basin Patoka Fish Total 26 12776659 902.321706 11008.141 145451771

3 | 2 Basin Patoka Fish Mean 26 31441296 1.7896686 2793361 34.948982

4 | 3 Basin Patoka Fish Variance 26 112336762 13.2766416 86.315022 138.358501

5 | 4 Basin Patoka Fish Std. Deviation 26 10598904 0.6263214 9.371336 11.826471

6 | 5 Basin Patoka Macro Total 12 624.848713 89.5294912 449374135 800.323291

7 | 6 Basin Patoka Macro Mean 12 3452727 0.5218269 2.429965 4475489

8 | 7 Basin Patoka Macro Variance 12 3.696555 1.1792038 1.385358 6.007752

9 | 8 Basin Patoka Macro  Std. Deviation 12 1922643 0.3066622 1.321596 2.52369

10 | 9 Basin Patoka QHEI  Total 26 194808679 1086.8917 173505993 21611.1364

11 |10 Basin Patoka QHElI Mean 26 47939271 11806176 45625303 50.253239

12 |11 Basin Patoka QHEI  Variance 26 70.733128 11.5330523 48128761 93.337495

13 |12 Basin Patoka QHEI  Std. Deviation 26 8410299 0.6856506 7.066449 9.754149

14 !

15

16

17

18

19

20

21 |
22
H?ﬁ b | M| scoressumtot | | Lljﬂ
“Dran[}c,|.ﬁ.utnShapes-\ \DQ.4|& & - ﬁ'=E.E|

Ready | | | | | MU | | [
i) Start |Miu:ru:usc:ft F'u:uwerF'u:uint-[In...l EFMichsufthrd-Summar...“xlulicmsuft Excel - sc__. ||@%N$ 4:29 Prd




B Adobe Reader - [results_pdf] M= E

'@ File Edt “ew Document Toolz Window Help = =] x|
H L - q H = e == Use electronic forms
: * Open Save a Copy [:,;'J“ Prirt Emmail Search | = A T Select Text F&‘ Select Image 4 i instead of paper

- e e

Patoka: Fish IBl Score CDF Estimate Patoka: Fish IBl Score CDF Estimate

i Bookmarks

—— COF estimate —— CDF estimate
— — 85% Confidence Limits - — 05% Confidence Limits

Signatures

Percent Stream Length
Stream Length (km)

8x11.5n 1|
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W Microsoft Word - Summary of Patoka River Baszin.doc

”'@ File Edit Yiew Insert Farmat Toaols Table ‘Window Help _|_|- = El
|0 = oo laePEEES R T e 2| B
“ Heading 2 ~ Times Mew Roman = 12 = l_ l_”_ = Web Toalbar i= 1= +;_§ £_§| ]+ # - i -
mﬂ , S R ! : L AR
Sampled
. Landowner 4 569 144 | 994 G087 1540 10634
. Denial
: Fhysical 1 1.08 0.00 | 291 11.52 0.00 31.09
N Barrier
Sampled 23 3708 26154801 289649 | 27960 513 38
iZhemistry Mot
- Eiology
. Mon Target 10 18.15 896 | 2735 194 13 9580 29247
: Total 64 100.00 A, MNA 106938 A, A,
T Target 5 81.85 26509104 87525 77691 97359
Fopulation
Mon Target 10 18.15 596 | 2735 194 .13 9580 29247
. Total £ 100.00 A MA 1069 38 [NA, A
N Estimates based on Target Sampled sites applied to the Sampled Population
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Using Probabilistic Results to Predict the Percentage

of Stream Miles Not Attaining Aquatic Life Use

6. Assessment for River Basin

Project Name | Target Population | *% Attainment” | *% Non-Attainment* |Confidence Level *Confidence Interval*
West Fork 05120201 69% 31% 95% 15%
White River 05120202 1st order=4
n=36 05120203 2nd order=5
1st=13 3rd order=2
2nd=14 4th+ order=0
3rd=4 n=11/36 Impaired
4th+=5
Patoka River 05120209 29% 71% 95% 15%
n=26 1st order=4
1st=5 2nd order=7
2nd=11 3rd order=0
3rd=3 4th+ order=7
4th+=7 n=18/26 Impaired

Target population = 8 digit HUC

% Attainment = Combined Assessment of Biology (IBI>35, mIBI>2.2,HD>1.4) and No Chemical Parameter Violations
% Non-Attainment = Combined Assessment of Biology (IBI<35, mIBI<2.2,HD<1.4) and Chemical Parameter Violations
The Confidence Interval is the % Non-Attainment +/- the value for 95% Confidence Level.

* These are values produced by IDEM staff using "R" (http://cran.us.r-project.org/) and commands provided by
USEPA National Health and Environmental Effects Research Laboratory, Corvallis, Oregon.



Second Year Source Identification Sampling

Original Intent of Surface Water Quality Monitoring Strategy

1.
2.
3.

Find Impairments
Return to impairments the next year to find source

Assessments for Integrated Water Monitoring & Assessment Report

Reality: Limited success implementing second year studies

2004: Second Year Source Identification Fully Implemented

USGS collecting water chemistry and nutrient data
at probabilistic sampling sites

1,

Shift field season schedule for biological sampling to
June rather than July ‘/

Prioritize watershed source identification studies

Shifting and hiring of staff to form new crews
targeting impaired watersheds



Second Year Source Identification Sampling

*Extensive Chemical Sampling
(impaired sites due to pollutants or point sources)

*Extensive Biological & Chemical Sampling
(impaired sites due to biological impairment)
—Background research of potential sources

—Approximately 30-40 sites per watershed (4-6 watersheds/summer) to determine
cause and source of biological impairment

*Products
—Know extent of impairment and source for stream segment assessments

—Proper listing of the waterbody in Categories 1-5 on the 303(d) List of Impaired
Waterbodies

—Data for TMDL development if needed and watershed restoration plans

—Referrals to Inspectors, County Sanitation Districts and Department of Health

—Potential Water Quality Criteria Revisions



Advantages & Disadvantages of Probabilistic Sampling

Advantages:

—100% waters of the state assessed
—monitoring long term watershed trends
—discovering non-point source pollution

—finding impairments at distant remote
sites

—can focus resources to watershed specific
impairments

—Bonus: biological expansion of species
distribution, Threatened & Endangered
Species, educate public and landowners in
watershed

*Disadvantages:

—Time, Access, Safety

—Cause and source of impairment
—Basins sampled only once every 5 years

—Where are the other impairments?

Photo Credit;: Rob Criswell

Bluebreast Darter, Etheostoma camurum




Conclusions

*Probability Monitoring

—Completed one cycle, after 2005 2"¢ cycle will be completed!

—Assess 100% of the waters of the state for the Integrated Water Monitoring
and Assessment Report

*Follow up impairments with second year source id
—intensive surveys both biological and chemical in impaired watersheds
—evaluate tiered aquatic life uses for modified streams

Need:

—Numeric biocriteria

—Refined-designated uses

—Model to predict where impairments might occur

—Determine cause and source for Impaired Biotic Communities already listed
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